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A B S T R A C T  
Chang impact anMysis is an usefid technique for software 
evolution. Many techniques have been proposed for support- 
ing change impact analysis of procedural or object-oriented 
software, but no effort has been made for change impact 
analysis o[ aspect-oriented soRware. In this paper, we present 
an approach to supporting change impact analysis of aspect- 
oriented software based  on program slicing, technique. The 
main feature of our approach is to assess the effect of changes 
in an aspect-oriented program by analyzing its source code, 
and therefore, the process of change impact analysis can be 
automated completely. 

1. I N T R O D U C T I O N  
Software change  is a n  essent ia l  ope ra t i on  for softvrare evo- 
lu t ion.  The change is a process that either introduces new 
r equ i r emen t s  in to  an  exis t ing  sys tem,  or modif ies  the  sys- 
t em if t he  r e q u i r e m e n t  were no t  cor rec t ly  i m p l e m e n t e d ,  or 
moves the  s y s t e m  into a new o p e r a t i o n  e n v i r o n m e n t .  T h e  
mini-cycle  of change  as desc r ibed  in [11] is composed  of 
several  phases:  request for change, planning phase consis t -  
ing of p r o g r a m  c o m p r e h e n s i o n  a n d  change  i m p a c t  analysis ,  
change implementation i nc lud ing  r e s t r u c t u r i n g  for change  
and  change  p ropaga t i on ,  verifiention and ~alidation, and re- 
documentation. A m o n g  these  phases ,  in  th i s  p a p e r  we focus 
our  a t t e n t i o n s  on the  issue of p l a n n i n g  phase ,  especially, 
change  i m p a c t  analysis  to  s u p p o r t  a spec t -o r i en t ed  sof tware  
evolut ion.  

Change impact analysis is the task that through which the 
programmers can assess the extent of the change, i.e., the 
software component that will impact the change, or be im- 
pacted by the change. Change impact analysis provides 
techniques to address the problem by identifying the likely 
ripple-effect of software changes and using this information 
to re-engineer the software system design. 
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F r o m  the viewpoint of aeparstion of concern in software de- 
velopment [4], we may consider to perform change impact 
analysis  at many levels of software systems during soRware 
evolution, for example, at the specification, design, archi- 
tecture, or code level. ~vVe may also perform change impact 
analysis on different languages and design paradigms, for 
example, on procedural languages or object-oriented lan- 
guages. Moreover ,  change  i m p a c t  analys is  m u s t  a d a p t  to 
t h e  emergence  of new sof tware  d e v e l o p m e n t  me thods ,  a n d  
change  i m p a c t  analys is  t echn iques  for new languages  a n d  
des ign pa rad igms  m u s t  be  def ined based  on models  t h a t  are 
re levan t  to these  new pa rad igms .  

Recently, aspect-oriented programming has been proposed 
as a technique for improving separation of concerns in soft- 
ware design and implementation [5]. Aspect-oriented pro- 
gramming works by p rov id ing  explici t  m e c h a n i s m s  for cap-  
t u r i n g  the  s t r u c t u r e  of c ros scu t t ing  concerns  in  soEtware sys- 
t ems .  Aspec t -o r i en t ed  p r o g r a m m i n g  languages  can  be  used 
to cleanly modu la r i ze  the  c ros scu t t i ng  s t r u c t u r e  of conce rns  
such  as excep t ion  hand l ing ,  synchron iza t ion ,  p e r f o r m a n c e  
op t imiza t ions ,  a n d  resource  shar ing,  t h a t  axe usual ly  diffi- 
cul t  to  express  c leanly  in source  code us ing  ex is t ing  p rog ram-  
m i n g  techniques .  Aspec t -o r i en t ed  p r o g r a m m i n g  languages  
can  cont ro l  such  code t a n g l i n g  a n d  m a k e  the  u n d e r l y i n g  
concerns  more  a p p a r e n t ,  m a k i n g  p r o g r a m s  easier  to develop " 
a n d  m a i n t a i n .  As research  in  a spec t -o r i en t ed  p r o g r a m m i n g  
is reach ing  m a t u r i t y  w i th  a n u m b e r  of ac t ive  research p rod -  
ucts ,  i t  is necessary  to pe r fo rm  change  i m p a c t  analysis  on 
a spec t -o r i en t ed  sof tware  because  it  allows one  to c a p t u r e  
t h e  change  effect i n f o r m a t i o n  of t h e  sof tware  so t h a t  one 
c a n  pe r fo rm sof tware  evo lu t ion  ac t ions  on  a spec t -o r i en t ed  
software. 

I n  an  aspec t -o r i en ted  sys tem,  t he  bas ic  p r o g r a m  un i t  is an  
a spec t  r a t h e r  t h a n  a p rocedu re  or a class. A n  aspect  w i t h  i ts  
encapsu l a t i on  of s t a t e  w i t h  assoc ia ted  adv ice  (opera t ions)  is 
a significantly different abstraction than the procedure units 
within procedural progr~m-~ or class units within object- 
oriented programs. The inclusion of join points in an aspect 
further complicates the static relations among aspects and 
classes. Therefore, in order to perform change impact analy- 
sis on aspect-oriented software, models that are appropriaLe 
for representing aspect-oriented systems are needed. 

However,  mos t  work on c h a n g e  i m p a c t  analysis  focused on 
p r o c e d u r a l  or ob j ec t -o r i en t ed  sof tware  [3, 6, 7, 8, 13] as well 

1 0 8  



nag  ~ 1 ~ 1 ~ |  aZmaa P o ~ o ~  [ 

s l  p z ' o ~ o c ~ l d  £ n ~  ~ .  y ;  
me2 p . . l " l t c  ~ o ~ n C ( 4 " C  ~ ,  ~ n e  _~f) { 

B3 ~ i _ _ I  l 

84 y . _...y; 
) 

m s  p u ~ X ~ c  t h e  g ~ ( )  ( 
m6 ~ i ~ r D  x ;  

) 
am7 p u b l L e  i n t  g a ~ ( )  ( 

nO rICUZ'Z~ ~+ 

] 
mm9 p . . k . ~ c  v a L d  a e C X ( I n t :  _ z )  ( 

m lO  ~ I __X i 

] 
m a l l  1~1=1~c v o i d  e e C Y ( i n C  _ ~ )  [ 

n13 y . _.y;  
] 

m ~ 3  p U L b l i =  v o i d  p = £ n ~ P o m i e £ o n ( J  [ 

814  S y e C a m . o u b . p r £ n C l u ( ' P o * n c  a c ( " + x + ' , ' + y * ' ) ' ) ~  
] 

meZ5 pud=X~:  m e a ~ £ c  v o ~  m a & n ( s ~ : ~ n g [ ]  a~-cJ'a) ( 

e l S  Po~nC p - nm~ P o £ n ~ ( 1 , 1 ) ;  

e16  p i a e C ~ ( 2 ) j  
] 

} 

e a Z )  c l u e s  ah~clme ( 

ago p u h l L c  n t m t : L :  £ ~ n m l  *n t :  o£~mmC . 1 0 ;  
a21 p t t b l & a  LnC : .  y ;  

me22 J a h m ~ ( ~ C  x ,  trl~: y )  { 

8 3 3  t = h k s . x  m x ;  

m24 ~ 'hJ.e.y  . ¥ :  

semis ] ~ L b l £ :  ~ £ ~ 1  p r 4 a t : P o m & ~ £ ~ n  ( )  C 

( ' * x + ' .  ".<+y<-') ") z 

s a s h 7  a a l = a : t  P a & n l : £ l u u l o v P : o l : m : o l  ( 

m2B ~ : t v m C a  :Lot: ~ l ~ m t :  . O; 

~ 2 9  p u b Z £ c  a t : a t J . :  4n~ ga©ShIKIOWCCmLDt:[) ( 

1130 l ' e  I:tlZ'A P :  ~ .n t :ShadowP:o  I: ~ o l .  

a n p e a  I:0 f ( )  . a h a d c m C e n m ~  a 

) 
g31 pz-:Lvl, l~m $1~-dow P o £ n t : . ~ d m ¢ ;  

~ 3 2  p l . f l b l ' l c  mi~st:~Lo ~ J . d  smmo=;L,mlcm(¥aln e" p f  ShAalow B ) (  

e33  J p . e h u d L ~  m alP 
) 

~ 3 4  p, , lhl:[ . :  mt:a~tc  a ~ l ~ r  g e ~ f l ~ s d o m ( P o ~ n t :  p )  ( 

m35 ~ m t : u ~  p .  ohmcl~ws 
) 

pm3~ po' tn l :out :  mmC~4ngC4mc x .  tat:  y ,  p,o£~l: p ) :  

a~-~e ( x , y )  GJk © i l 1  ( P O 4 n C . n ~ V ( ~ n C ,  *nO) ) ; 

p a 3 ?  I ~ * n ~ O U C  n o C C A n g ~ I F o £ n ~  p |  : 

p e 3 8  p o * n C e u ~  e m ~ £ n g ~ ( P o £ n ~  p ) . .  
~ m r g i t : ( p )  && ¢ s l l  ( v o l d  P o 4 n ~ . e s t : ~ ( 4 n C )  J I 

ma3~ a £ e a = ( ~ n c  x ,  tv.~- y ,  S.o.Unc p )  r e C ' u = n ' n n g  : 

s a t : b £ n g ' ( x ,  y ,  p )  [ 
s 4 0  a ' h - d o v  • - nm~ S h ~ . ~ : m + ( x , y ) ;  

a 4 1  a a m o c £ a ~ m  ( p ,  a )  

e4~ e h m d o ~ C o u n c ¢ + ;  
) 

a ~ A ]  a f ~ e r ( ~ o 4 n ~  p)  : e e ~ k £ o g ~ ( p )  l 
e~4  o ~  m m rim+ g e t : S ' t " ~ ( p ) ;  

a45 a . z  - p.g 'er. . .~ l )  ~- g h a d o w . o ~ ' £ a a t : ;  

a 4 E  ~ . p ~ 4 D ~ P o m £ C ~  ()  ; 

m4"/ a . p r I n ~ p o a i t i o n  ()  ; 
) 

a 8 4 0  m £ ~ a = ( P o L n C  p)  : aoct:$.m~jTfp) ( 

n4g  ~ • . gmCS~C~OW(p);  

aSO e . y  - p . g a ~ - Y ( )  * S ~ . . ~ . o ' ~ ' % e ~ ' ;  

a S 1  p . p r i n ~ P o e i k i o n  () 

e53 a . p r / n t : l ~ a n L t : L ~  ()  I 

. . . . . . . . . . . . . . . .  .). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . .  ?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F i g u r e  1: A s a m p l e  A s p e c t J  p r o g r a m .  

as software architectures [9, 12], and there  ex i s t s  no s t u d y  
of  change impact  ~u~lysis  for aspect -or iented  software until  
now. In this  paper,  we present an approach to support ing  
change impact  analysis  of  aspect -or iented  software based on 
program slicing technique.  T h e  m~in  feature  of  our approach 
is to  assess the effect of  changes  in an a.spect-oriented pro- 
gram by aJ]~dyzing its source code,  and therefore, the process  
of  change  impact  anaJysis c~n be  a u t o m a t e d  complete ly .  

Program slicing, originally introduced by  Weiser [10], is a 
decompos i t ion  technique which  extracts  program e lements  
related to a particular computat ion .  A program slice consists  
of  those  parts  of  a program that  m a y  direct ly  or indirect ly  
a~ect  the values c o m p u t e d  at  some program point  of  inter- 
est ,  referred to as a slicing criterion. T h e  task  to compute  
program slices is cal led program slicing. As s h o w n  in [2], 
program sl icing is an essential  technique  to  support  change 
impact  analysis  of  procedural  or object -or iented  software.  
Us ing  program sl icing to support  change  impact  analys is  of  
aspect -or iented software promises  benef i t  for aspect-uriented 
software evolut ion.  W h e n  a m a i n t e n a n c e  prograxnmer wants  
to modi fy  a s t a t e m e n t  in an ~-~pect-oriented program in or- 

der to sat is fy  new requirements ,  the  programmer  mus t  first 
invest igate  which s ta tements  wiU affect or be 85leered by 
the modif ied  s ta tement .  B y  using a s l ic ing tool ,  the  pro- 
gra~mmer can extract  the parts  of  the  paper  conta in ing  those 
s t a t e m e n t s  that  might  3ffect, or be ~ffected by, the modi -  
fied s ta tement .  Th e  s l ic ing tool  which  provides  such change 
impact  informat ion can assist the  programmer  greatly.  

The  rest  of  the paper  is org~uized as follows. Sect ion  2 
briefly introduces  the AspectJ .  Sect ion 3 shows  a mot iva t ion  
example .  Sect ion 4 introduces  some  not ions  about  sl icing 
aspect -or iented  software. Sect ion 5 shows  how to perform 
chaxtge impact  analysis  for a-~pect-oriented software.  Con- 
c luding remarks axe given in Sect ion 6. 

2. A S P E C T - O R I E N T E D  P R O G R A M M I N G  
W I T H  A S P E C T J  

We assume that  readers aze famUiar w i t h  the  basic concepts  
of  aspect -or iented programming,  and in this  paper,  we  use 
A s p e c t J  [1] as our target  language  to s h o w  the basic idea of  
o u r  change impact  ~ualysis  for aspect -or iented  softwaxe. 
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Below, we use a sample program taken from [I] to briefly 
introduce the AspectJ. The program shown in Figure I as- 
sociates shadow points with every point object and cont:~ilLq 
one PointShadowProtocol aspect that stores a shadow ob- 
ject in every P o i n t  and two classes P o i n t  and  Shadow. 

AspectJ is a seamless aspect-oriented extension to Java. As- 
pectJ adds some new concepts and associated constructs to 
Java. These concepts and associated constructs are called 
join points, pointcut, advice, introduction, and aspect. 

The  joiTt point is an essential e lement  in the design of any 
aspec t -o r ien ted  p r o g r a m m i n g  language since jo in  poin ts  are 
Lhe c o m m o n  f rame of reference t h a t  defines t h e  s t ruc tu re  
of c rosscu t t ing  concerns.  The  jo in  points  in A s p e c t J  axe 
well-defined poin ts  in the execut ion of  a p rogram.  T h e  jo in  
poin ts  in A s p e c t J  are method or eonstrnctor call, method 
or constructor ezecntion, class or object initialization, field 
reference or assignment, and handler e.Tecution [I]. 

A pointcut is a set of join points that optionally exposes 
some of the values in the execution of those join points. As- 
pectJ defines several primitive pointcut designator~ that can 
identify all types of join points. Pointcuts in AspectJ can 
be composed and new pointcut designators can be defined 
according to these combinations. For example, In aspect 
P o i n t S h a d o w P r o t o c o l  three pointcuts are dec lared  wi th  the  
names  of setting, settingX, and  setting¥. 

Advice is used to define some code that is executed when a 
pointcut is reached. ApsectJ provides three types of advice, 
that is, Before, after, and ayvund. For example, In aspect 

• P o i n t S h a d o w P r o t o c o l ,  there are three after advice s e t t i n g ,  
settingX, and setting¥. Advice declarations can change 
the behavior of classes they crosscut, but can not change 
their static type structttre. For crosscutting concerns that 
can operate over the static structure of type hierarchies, 
AspectJ provides forms of introduction. 

Introduction in AspectJ can be used by an aspect to add 
new fields, constructors, or methods (even with bodies) into 
given interfaces or classes. Introduction can be public or 
private, where a private introduction means only code in the 
aspect that declared it can refer or access the introduced 
fields, constructors, or methods. For example, In aspect 
PointShadewP~rotocel, introduction declaration 
p r i v a t e  Shadow P o i n t .  shadow; pr ivately in t roduces  a field 
narned  shadow of type  Shadow in P o i n t .  This  means  tha t  
only code  in t he  aspec t  can refer to P o i n t ' s  shadou  field. 

Aspects are modula r  units of crosscutting implementation. 
Aspects are defined by aspect declaxations, which have a 
similar form of class declarations. Aspect declarations may 
include advice, pointcut, and introduction declarations as 
well as other declarations such as method declarations, that 
are permitted in class declarations. For example, the pro- 
gram in Figure 1 defines one aspect named 
P o i n t S h a d o u P r o t  oco l .  

An  A s p e c t J  p r o g r a m  can be d iv ided into two parts:  non- 
aspect code which includes some classes, interfaces,  and  o ther  
lmtguage cons t ruc t s  as in Java, mad aspect code which in- 
cludes aspects  for mode l ing  c rosscu t t ing  concerns  in the  pro-  

gram.  Any implementation of AspectJ is to ensure that the 
aspect mad non-aspect code run together in a properly co- 
ordinated fashion. Such a process is called aspect weaving 
and involves making sure that applicable advice runs at the 
app rop r i a t e  join points .  For  detai led in format ion  abou t  As- 
pec t  J, one can refer to [1]. 

3. A M O T I V A T I O N  E X A M P L E  
~Ve present a simple example to explain our approach on 
change impact analysis of aspect-oriented software using 
program slicing. 

Consider  the A s p e c t J  program P s h o w n  in F igure  1. Sup-  
pose  a m a i n t e n a n c e  p r o g r a m m e r  needs  to modi fy  the s t a t e -  
m e n t  co2 ( r e t u r n  y ; )  of P in order  to  add  some  new func- 
t ions to P .  The  first th ing the  p r o g r a m m e r  has  to do is to 
inves t iga te  the  effect of t he  change,  i.e., which s t a t e m e n t s  
m a y  be  affected, or ~Tect t he  s t a t e m e n t  ce2 t h ro u g h  vari- 
able y. A c o m m o n  way is to  manua l ly  check the source code 
of  t he  p ro g ram to find such  informat ion .  However,  it m a y  
be  very t ime -consuming  and  e r ro r -p rone  since there  may  be 
complex  dependence  re la t ions  be tween  co2 and  o the r  s t a t e -  
m e n t s  in P .  However,  if t h e  p r o g r a m m e r  has a slicer at hand ,  
the  work may  probab ly  be  simplif ied and  a u t o m a t e d  wi th-  
out  t he  dis~lv'Autages m e n t i o n e d  above.  In such a scenario,  
t h e  slicer is invoked, which takes as input :  (1 )  a s t a t e m e n t  
ce2, and  (2) a var iable  y in co2, ( this  is a slicing cr i ter ion) .  
T h e  slicer t hen  compu tes  a backward  and  forwaxd slice of 
P respect ively  w i t h  respec t  to  t he  c r i te r ion  and  o u t p u t s  the  
slices to t he  p r o g r a m m e r .  A bar_kw~d slice is a se t  of s t a t e -  
m e n t s  of P t h a t  migh t  affect the  value of y at ce2, a n d  a 
forward slice is also a set  of s t a t e m e n t s  of P t h a t  m i g h t  
be  affected by the  value of y at  co2. T h e  o the r  pa r t s  of P 
tha t  migh t  not  affect or be  affected by  y will be  removed,  
i.e., sl iced away f rom P .  T h e  p r o g r a m m e r  can t h u s  exmmine 
only  those  s t a t e m e n t s  inc luded in t h e  slices to inves t iga te  
the  i mp ac t  of modif icat ion.  

4. P R O G R A M  S L I C I N G  F O R  A S P E C T -  
O R I E N T E D  S O F T W A R E  

I_n this section, we introduce some notions about static slic- 
ing of an aspec t -o r i en ted  program.  T h e  more  de ta i led  defi- 
n i t ions  can be found  in [14]. 

In  analyzing chartges for an  aspec t -o r i en ted  p rogram,  we 
usually want  to know t h e  answers of  some ques t ions  such 
as "which s t a t e m e n t s  migh t  affect a s t a t e m e n t  in an aspec t -  
o r ien ted  p r o g r a m  ?" and  'Lwhich s t a t e m e n t s  migh t  be  af- 
fec ted  by a s t a t e m e n t  in an  a spec t -o r i en ted  p r o g r a m  ?" In  
order  to answer  these  quest ions,  we can  define some  no t ions  
a b o u t  s ta t ic  slicing of an a spec t -o r i en t ed  p rogram.  

A static slicing criterion for an a spec t -o r i en t ed  p r o g r a m  is 
a tup le  (s ,v ) ,  where  n is a s t a t e m e n t  in the  p r o g r a m  and  
v is a variable used at 3, or a cMl called at s. A static 
backward slice 8 B S ( a ,  v) of an aspec t -o r i en ted  p rog ram on 
a given slicing cr i te r ion  (a, v) consists  of all s t a t e m e n t s  in the  
p r o g r a m  tha t  migh t  poss ibly  affect t he  value of the variable 
v at s or the value returned by the call v at s. A static 
forward slice SFS(s, v) of an aspect-oriented program on a 
given slicing criterion (s, v) consists of all statements in the 
program that might possibly be affected by the value of the 
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variable v at s or t he  value r e tu rned  by the  call v at s. 

5. CHANGE IMPACT ANALYSIS OF 
ASPECT-ORIENTED SOFTWARE 

Roughly  speaking, the process  of change impac t  analysis of 
an aspect -or iented  p rogram is how to find some backward  
and forward sfices of  the  p rog ram by s t a r t ing  fa-om a s ta te -  
ment  being changed.  In [14] we p resen ted  a two-phase  al- 
gor i thm to find a s ta t i c  slice of an aspec t -or ien ted  prograa~a 
based on its aspect -or iented  sys tem dependence  graph.  In  
this sect ion we first in t roduce  the aspec t -or ien ted  s y s t em 
dependence  graph briefly, and  then  descr ibe the slicing al- 
gori thm. For more  detai led informat ion,  one can refer to 
[14]. 

5.1 Aspect-Oriented System Dependence 
Graphs 

The  aspect-oriented Jystem dependence graph (ASDG) [14] 
of an aspec t -o r ien ted  program is a collection of module  de- 
pendence  graphs  each represen t ing  a modu le  ~ in an aspect  or 
a class of the  program,  and some addi t ional  arcs to represent  
direct  or indi rec t  dependencies  be tween a call and the  called 
mo d u l e  and  t rans i t ive  in te rprocedura l  d a t a  dependencies .  

The  module dependence graph (MDG) of a module  is a di- 
g raph  whose vertices represent  s t a t emen t s  or predica te  ex- 
press ions  in the  module  a~ad arcs represent  two types  of de- 
pendence  relat ionships,  i.e., control dependence, and data 
dependence. Control  dependence  represents  control  condi- 
t ions on which the  execut ion of a s t a t e m e n t  or expression 
depends  in the  module.  D a t a  dependence  represents  the 
d a t a  flows between s t a t e m e n t s  in the  module .  Each MDG 

t in  this pape r  we use module to s t a n d  for a single advice, 
in t roduct ion ,  or m e t h o d  in an aspec t  or a class of an a-qpect- 
or iented p rog ram 
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has a unique  ver tex  called module .start ~ertex to  represen t  
the en t ry  of t he  module .  

To model p a r a m e t e r  passing,  formal parameter vert ices are 
created to associate with each module start vertex. There is 
a formal-in vertex for each formal parameter of the module 
and a formal-out vertez for each formal parameter that may 
be modified by the module. Also, a call verte= mad actual 
parameter vertices axe created to associate with each call 
site. T h e r e  is an actual-in verta~ for each actual parame- 
ter and an actual-out vertex for each actual parameter that 
may be modified by the called module. In addition, each 
formal parameter vertex is control dependent on the mod- 
ule start vertex, and each actual parezneter vertex is control 
dependent on the call vertex. 

The  cons t ruc t ion  of the  comple te  ASDG can  be pe r fo rmed  
by connec t ing  M D G s  at call sites. A call dependence arc 
which  represen t s  the  call re la t ionships  is a d d e d  be tween  the 
call ve r t ex  of the  calling module ' s  MDG and  the  s t a r t  ver- 
tex  of  t he  called module ' s  MDG.  Actua l - in  and  formal- in  
ver t ices  are connec ted  by parameter-in dependence arcs and 
formal-out  and ac tua l -out  vertices are connec ted  by pa ramete r -  
out dependence arcs. These  paxameter  arcs can represen t  pa- 
r ame te r  passing.  Moreover,  to represen t  t h e  transitive fiery 
of  dependencies in the  ASDG,  summary  dependence arcJ [3] 
are c r ea t ed  by connec t ing  an actual- in ver tex  to an actual-  
out ve r t ex  if t he  value associated wi th  the  actual - in  ver tex  
affects t h e  value associa ted  wi th  the ac tua l -ou t  ver tex.  

Example.  Figure  2 shows the  comple te  A S D G  of t h e  ~ , n p l e  
A s p e c t J  p rog ram in Figure L 

5.2 Computing Slices for Aspect-Oriented 
Programs 

Since the  A S D G  proposed  for an aspec t -o r ien ted  p ro g ram 
can be r ega rded  as an extens ion of t he  SDG proposed  by 
Larsen  and  Harro ld  for ob jec t -or ien ted  software [7], we can 
use t h e  two-pass  slicing a lgor i thm proposed  in [3] to  c o m p u t e  
a s ta t i c  slice o[" a n  aspec t -o r ien ted  p r o g r a m  b a s e d  on its 
ASDG.  

In  t h e  first  s tep,  t he  a lgor i thm t raverses  backward  along all 
arcs except  p a r a m e t e r - o u t  arcs, and set  m a r k s  to those  ver- 
tices r eached  in t h e  ASDG,  and  then  in t he  second s tep ,  t he  
a lgor i thm t raverses  backward  ~rom all vert ices hav ing  marks  
dur ing  the first s tep  along all arcs except  call and  p a r a m e t e r -  
in arcs, and  sets  marks  to  reached  vert ices in the  ASDG.  T h e  
slice is the  union of the  vert ices of the  A S D G  marked  dur ing  
the  first and  second  steps.  Similar to the  backward  slicing 
descr ibed  above, we can also apply the  forward slicing al- 
go r i thm [3] to t he  ASDG to compu te  s forward slice of an 
aspec t -o r i en ted  p rogram.  

Ezample .  Figure  2 shows a backward slice which is repre-  
s en t ed  in shaded  vert ices a n d  c o m p u t e d  wi th  r e spec t  to t he  
slicing cr i ter ion (e49,  p) .  

6. CONCLUDING REMARKS 
In this paper ,  we p resen ted  an approach  to s u p p o r t i n g  change  
impact analysis of aspect-oriented software based  on pro- 
gram slicing technique.  T h e  main  featvLre of our approach  is 

to assess the effect of changes in an aspec t -or ien ted  p rog ram 
by analyzing its source  code,  and  therefore ,  the  process  of 
change impac t  analysis  can he a u t o m a t e d  completely.  

To d e m o n s t r a t e  the  usefulness of our impac t  analysis  ap- 
proach,  we plan to imp lemen t  a slicing tool for A s p e c t J  and  
pe r fo rm some e x p e r i m e n t s  using the slicing tool to show the  
effectiveness of our  s l icing-based change i mp ac t  mialysis ap- 
proac_h in suppo r t i ng  aspec t -o r i en ted  software evolut ion.  
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